Pericardiocentesis is a rare life-saving procedure for patients with cardiac tamponade. Due to the infrequency of this procedure, simulation models are often used for training. Commercial models are generally expensive. Proposed homemade models offer a lower-cost alternative but can be labor and time intensive. The purpose of this study was to determine the feasibility of a limited use, low-cost ultrasoundguided pericardiocentesis model as a training tool for emergency physicians. Our model proved to be a practical, easily implemented, and acceptable model for training emergency physicians, including residents and students, in ultrasound-guided pericardiocentesis.
P
ericardiocentesis is an uncommon but vital emergent procedural intervention aimed at alleviating cardiac tamponade, which if untreated, leads to inevitable cardiac decompensation and likely death. Percutaneous pericardiocentesis dates back to the early 19th century when it was initially performed as a "blind" intervention to remove pericardial fluid. 1 This blind approach, however, was associated with high complication rates and high mortality. [2] [3] [4] With the advent of ultrasound (US), "echocardiographically guided" pericardiocentesis emerged as a safer alternative, with a high procedural success rate and overall fewer complications. [5] [6] [7] [8] [9] Pericardiocentesis still remains an uncommon procedure in medical practice, and with the high mortality associated with cardiac tamponade, procedural simulation is a necessary component of medical training to gain proficiency and competency in this important US-guided procedure. 10 Commercially developed pericardiocentesis models are available but often represent an expensive investment, ranging from US$3000 to greater than US$17,000. 11, 12 The expense of these high-fidelity models may be unfortunately cost prohibitive for many departments seeking to offer this simulation training for their physicians. In an effort to diminish some of the associated cost with these models, there have been recent published reports on "home-built" models that are not only constructed with readily available materials but also appear to be more cost-effective. These models traditionally rely on the use of either gel wax-or gelatinbased molds, which often require a minimum of several hours for the mold to be constructed.
We created a novel US-guided pericardiocentesis model that does not rely on a gel wax-or a gelatin-based mold for model preparation. The purpose of this study was to evaluate the feasibility of a novel, limited-use, low-cost pericardiocentesis model as a training tool for emergency physicians. Assessment of the feasibility of this novel model will focus on the implementation, acceptability, and practicality of the model.
Materials and Methods

Study Design
This study was a prospective observational study conducted at a single-center urban emergency medicine (EM) residency program in December 2016 to evaluate the feasibility of a novel, limited-use, low-cost US-guided pericardiocentesis model. The study protocol was submitted to the Institutional Review Board (IRB) and determined to qualify as activities that do not comprise human participant research and was therefore exempt from Institutional Review Board review.
Study Participants
All EM residents in postgraduate years 2 and 3 in our residency program (22 residents) were eligible to participate in the study. Additionally, medical students and physician assistant students on their EM rotations were invited to participate. Postgraduate year 1 residents were not included in this study because they were unavailable for this workshop, as they were engaged in other simulation activities on this day. Participants took part in a 90-minute workshop as part of a regularly scheduled weekly educational conference. Preworkshop and postworkshop questionnaires were distributed to all participants. Completion of the questionnaire was completely optional, and failing to complete the questionnaire did not preclude one from participating in the workshop. All study participants provided voluntary informed verbal consent before completing the questionnaire. Participants who did not provide both a preworkshop and postworkshop survey questionnaire were excluded from the study. A total of 19 study participants were included in the study: 2 medical students, 1 physician assistant student, 10 postgraduate year 2 EM residents, and 6 postgraduate year 3 EM residents.
Model Construction
The pericardiocentesis model was constructed immediately before simulation from several easily available commercial materials in addition to items routinely found in the emergency department (ED). The model consisted of 2 latex balloons, sterile surgical lubricant jelly, Tegaderm transparent film dressing (3M, Minneapolis, MN), Metamucil psyllium fiber supplement (Procter and Gamble, Cincinnati, OH), a 7-quart disposable plastic wash basin, food coloring, Saran plastic wrap (S. C. Johnson and Son, Racine, WI), and tap water ( Figure 1A) . A list of materials required to assemble the model is shown in Table 1 . Although brand name products are listed for the model construction, substitutions are assumed to be acceptable but were not validated in this study. The model was constructed by first lubricating the outside surface of 1 of the 2 latex balloons (Figure 1C ). Once lubricated, the balloon was inserted into the second latex balloon ( Figure 1D ). The inner balloon was filled with tap water; 2 to 3 drops of red food coloring were added; and the balloon was tied closed ( 
Workshop
The procedure workshop consisted of 3 parts; the first was a 25-minute introductory lecture and group discussion on pericardial disease, cardiac tamponade, and pericardiocentesis. At the conclusion of the lecture, participants received a 10-minute orientation on how to perform a pericardiocentesis with model demonstration by one of our current US fellows in attendance. During the third and final portion of the workshop, the participants were divided into 2 groups to practice US-guided pericardiocenteses using our balloon-in-balloon water bath model with assistance from the workshop director and supervising US fellows. Each workshop lasted 90 minutes, and there were 2 total workshops with 10 and 12 participants, respectively. The workshop director and fellows provided individual small-group instruction and guidance to study participants in the proper instrumentation and technique of US-guided pericardiocentesis during the model simulation time.
Ultrasound-Guided Pericardiocentesis
The pericardiocentesis model was visualized in a water bath with either a Z.One Pro US system (Zonare Medical Systems, Inc, Mountain View, CA) with an L10-5 linear array transducer or an M-Turbo system (SonoSite, Inc, Bothell, WA) with an L38xi linear array transducer. In a 45-minute group session, study participants were asked to simulate a pericardiocentesis by aspirating fluid from the "pericardial" space using the spinal needle under US-guidance ( Figure 2 ). Aspiration of pericardial fluid was accomplished with either an 18-or 20-gauge spinal needle using the in-plane technique ( Figures 3   and 4) . After successful aspiration of fluid, study participants were asked to reinject the aspirant into the pericardial space to minimize deflation of the outer balloon. Each model was used until complete deflation of the outer balloon occurred or if the inner fluid filled balloon that was simulating the heart became too difficult to visualize.
Preworkshop and Postworkshop Questionnaires
Study participants were asked to complete both preworkshop and postworkshop questionnaires. The preworkshop questionnaire was obtained before the introductory didactic lecture. The 12-item postworkshop questionnaire ( Table 2 ) was obtained after completion of the pericardiocentesis simulation and was based on a 5-point Likert scale (1, strongly disagree; to 5, strongly agree). For our data analysis, study participant responses of "agree" and "strongly agree" were viewed as general agreement, whereas responses of "disagree" and "strongly disagree" were viewed as general disagreement. All study participants were blinded to the purpose of the survey.
Statistical Analysis
Data analysis was performed with SPSS Statistics version 24.0 software (IBM Corporation, Armonk, NY).
Owing to our inability to identify the participants' questionnaires, only univariate descriptive statistics were obtained.
Results
Model Practicality and Implementation
The mean construction time required to build the model was 3.3 minutes, based on the average time to produce 5 different models. Each model withstood, on average, 4.1 puncture attempts. The total material cost per model, excluding readily available ED items, was US$10.17, with an overall total cost of US$20.39 (Table 1) .
Model Acceptability
To assess the overall acceptability of the model, 22 participants with varying experience levels were invited to participate in this study. Nineteen study participants (86%) successfully completed both the preworkshop and postworkshop survey questionnaires and were thus eligible to be included in the study. 19 [100%] ). The frequency of distribution of responses for the 12-item questionnaire is displayed in Figure 5 .
Discussion
With the use of low-cost materials that are either readily found in the ED or purchased commercially, we developed a novel, feasible US-guided pericardiocentesis model that can be quickly constructed and easily replicated. This model was found to be highly acceptable by our study participants. Although commercially developed high-fidelity US simulation trainers and models are available, they can confer a substantial cost. Alternative previously reported home-built models are less costly but typically rely on either gelatin or gel wax, which often require a minimum of at least 1 hour for mold preparation. Designed to minimize both cost and time, our model can be easily constructed in less than 5 minutes with readily available nonperishable materials. This advantage allows for implementation during regularly scheduled simulation sessions, as well as during clinical duties, such as during a shift in the ED or the intensive care unit. Furthermore, we believe that our design makes this model ideal for use in resource-limited settings, including hospitals in developing countries. Our model does have several limitations that should be addressed. First, the model does not rely on a gelatinor wax-based mold but, rather, is submerged in a water bath. As such, the balloon-in-balloon model floats because of the buoyancy. An assistant is required to help submerge the model so that the user may focus on transducer placement and needle guidance. A small weight added to the outer balloon would be beneficial to help counter the buoyancy effects. The water bath does, however, address the common limitation of gelatin-or waxbased model by eliminating visible "track" marks left from needle aspiration, which can limit the reusability of these other models. Second, puncture of the outer balloon does result in a gradual leakage of fluid. The balloon models sustained an average 4 repeated punctures before model degradation. Although the model did degrade with repeated punctures, the ease of model replacement minimized this limitation. Additionally, study participants were asked to reinject the aspirated fluid back into the balloon during our workshop period. This step was done to minimize deflation of the outer balloon. Aspiration of this fluid, though, may have caused a small amount of air to be injected into the balloon, which has the potential to negatively affect the overall image quality.
There were also several methodological limitations to our study. First, we were only able to perform a limited analysis of the survey responses. Preworkshop and postworkshop survey questionnaires were deidentified, and in compliance with our Institutional Review Board exemption, study participants were not asked to denote any identifying information on either their preworkshop or postworkshop survey. Therefore, we were unable to further analyze a participant's preworkshop survey response in comparison to the postworkshop response. Additionally, most study participants recorded little to no previous experience in performing either a live or simulated pericardiocentesis, thus limiting the impact of their response to the question regarding model preference with respect to other previously used models. Finally, postgraduate year 1 residents were unable to be included in this study because of engagement in other simulation activities on the day of the workshop. Additional workshops could have minimized this limitation and provided an opportunity to include more study participants.
The presumed low incidence of emergent bedside pericardiocentesis and need for adequate training of acute care physicians has resulted in the need for proper simulation-based training. As US-guided pericardiocentesis has emerged as the standard for procedural intervention of decompensated cardiac tamponade, a US-guided model is an important resource for acute care physicians, specifically resident physicians in training. Our novel US-guided pericardiocentesis model offers a feasible, low-cost, easily reproducible tool to help train acute care physicians in the procedural technique of performing a US-guided pericardiocentesis.
